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The invention relates to a method and — — ^ 
an apparatus for cleaning objects to be cleaned 
by means of sound wave vibrations. In the 
method, a sound wave burst of a preselected 
frequency and of preselected duration (ti) is ■ 
produced. The sound wave burst is directed to — — — 
an object that is cleaned, in which connection, 
during said duration (ti). the sound wave burst 
reaches the maximum loudness and is reduced to a preselected lower loudness. This sound wave burst can be repeated after a picdetermined 
time interval (ta). The sound wave burst is produced by an apparatus which comprises a feed system for compressed gas and a vibration 
part. The vibration part comprises a valve and a sonic horn. Sonic cleaning devices are commonly used in the process industry, where 
powdery particles are processed. The object of cleaning is to break the deposits formed by powders and to remove them from the processes. 
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Method and. apparatus for acoustic cleaning 

5 

The invention relates to a method for cleaning objects to be cleaned by means of 
sound wave vibrations. The invention also relates to an apparatus for cleaning 
objects to be cleaned by means of sound wave vibration. 

10 Acoustic cleaning, which is also called sound sweeping, is a method which is used 
for cleaning of e.g. boilers, silos, cyclones, blowers, filter devices and the like. The 
acoustic cleaning method is fit for use in objects in which, for example, powdery 
materials are treated or in which, for example, soot or dust is produced as harmful 
by-products. Such particles readily form deposits which impede the flow of the 

15 process and weaken its performance. 

An advantage of the acoustic cleanmg method over different mechanical cleaning 
methods is the possibility of using it without interrupting the process. As a second 
significant advantage it may mentioned that the method is also capable of cleaning 
20 shadow areas and other areas difficult to reach. The method does not wear the 
objects to be cleaned, is easy to use, and its maintenance costs are low. 

In the acoustic cleaning method, a sound wave is directed to the object to be 
cleaned, said sound wave transmitting a pressure shock to the particles to be 
25 loosened. In order to achieve a cleaning result, the force transmitted by a sound 
wave burst to each particle must be higher than the force which holds a particle 
attached to a base or particles attached to one another. 

The sound wave burst needed for cleaning is provided by means of a diaphragm 
30 valve controlled by compressed gas and of a sonic horn, which form a vibration 
system. Connecting the compressed gas opens the diaphragm and a gas flow can 
enter the horn. After that, the pressure decreases while the gas discharges, causing 
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the diaphragm to close. The basic excitation of a sound wave burst arises from 
interrupting of the flow of the compressed gas. The thus produced frequency 
distribution includes a basic frequency and its harmonic multiple frequencies. 

5 The basic frequency of the cleaning means is generally close to the resonant fre- 
quency of the vibration of the valve, whereby the horn may be caused to blare most 
easily. The basic frequency can be regulated by changing the dimensions of the sonic 
horn and the vibration frequency of the valve. The most suitable operation frequency 
depends on the object to be cleaned and on the quality of particles. 

10 

The most significant problem associated with the present-day acoustic cleaning 
rnethods which are in use is the considerable noise load caused by the apparatus. A 
^ical noise level is 150 dB when the apparatus is in operation. In plants situated in 
densely populated areas, in particular, this restricts the use of the cleanmg means to 
15 taking place only in the daytime. Similarly, a high noise level is harmful to the 
employees working in plants. 

The object of the invention is to provide an improvement over the currently , known 
method for acoustic cleaning and over the associated apparatus arrangements. 

20 

The objective of the invention is achieved by a method which is characterized in 
that, in the method, a sound wave burst of a preselected frequency is produced, a 
sound wave burst of preselected duration is directed to an object that is cleaned, in 
which connection, during said duration, the sound wave burst reaches the mayinnim 
25 loudness of the sound wave burst and is reduced from said maximum loudness to a 
preselected lower loudness, and said sound wave burst is repeated after a second 
predetermined time interval. 

The apparatus in accordance with the invention is characterized in that the apparatus 
30 comprises means for producing a sound wave burst of a preselected frequency, and 
means for providing preselected duration for the sound wave burst and for repeating 
the sound wave burst after a preselected time interval. 
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When examining the operation of acoustic cleaning apparatus, it has been observed 
that the actual cleaning work takes place inunediately after starting of the apparatus. 
In other words, applying long cleaning pulses is of no significant further benefit, but 
the same cleaning efficiency can be achieved with an operating time that is consider- 
5 ably shorter than that of present-day practice. 

The prmciple of the method in accordance with the invention is that the operation of 
the cleaning apparatus is changed such that the duration of a pulse is shortened to 
about 10 % of the previous one, and these short pulses are repeated at predetermined 
10 time intervals. The noise load of the thus created cleaning cycle remains clearly 
lower than that of the conventional sonic cleaning methods. At the same time, the 
wear of the apparatus becomes slower. 

The procedure in the most general embodiment of the method in accordance with the 
15 invention is as follows. First, a sound wave burst of a preselected frequency is 
produced. Second, a sound wave burst of preselected duration is directed to an 
object that is being cleaned, in which connection, during said duration, the sound 
wave burst has reached the maximum loudness of the sound wave burst and is 
reduced from said maximum loudness to a preselected lower loudness. Finally, said 
20 sound wave burst is repeated after a second predetermined time interval. 

The duration of the sound wave burst is preferably chosen to be 5 - 15 ms. The 
sound wave burst is repeated, for example, at intervals of 1 - 10 s, preferably at 
intervals of 1 - 2 s. A suitable pause time depends on the application and is usually 
25 of the order of 1 - 60 min. The frequency of the sound wave burst is chosen as 
desired, preferably in the range of from 80 Hz to 500 Hz by changing the horn part 
of the apparatus. 

The method and the apparatus in accordance with the invention provide a number of 
30 significant advantages. Instead of applying long sound pulses, the noise load of the 
environment can be considerably relieved by a shorter operating time. In addition. 
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cleaning efficiency is considerably improved. At the same time, the wear of the 
apparatus becomes slower since unnecessary operating time is eliminated. 



The invention will be described in detail with reference to some preferred embodi- 
S ments shown in the figures of the accompanying drawmgs, to which embodiments 
the invention is, however, not intended to be exclusively confined. 

Figure 1 shows a sonic cleaning apparatus in accordance with the invention as a 
block diagram. 

10 

Figure 2 is a partial sectional view of a sonic horn part of the acoustic cleaning 
apparatus in accordance with the invention seen from the side. 

Figure 3 shows the sonic horn part of Figure 2 viewed from behind. 

Figure 4 shows graphically the development of sound pressure as a function of time. 

Figure 5A shows a sound cycle of a cleaning apparatus known from the state of the 
art, and Figure 5B shows a sound cycle in accordance with the invention. 

20 

Figure 6 shows a disc by which a solenoid valve can be controlled very quickly, as 
a view seen from the top. 

Figures 7 A and 7B show two advantageous modes of producing a soimd wave burst 
25 by means of rapid gas expansion. 

The block diagram of Fig. 1 shows the operation principle and basic components of 
the apparatus. The device comprises a feed system 11 for compressed gas, a 
spherical valve 12, a filter 13, a pressure controller 14, a solenoid valve IS, and a 
30 horn part 16. Compressed gas is fed into the system through the spherical valve 12, 
the filter 13 and the pressure controller 14. 
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Figs. 2 and 3 show the hom part 16 in more detail. The horn part 16 comprises four 
basic components, a hom 17, a frame 18, a cover 19, and a diaphragm 20. The 
cover 19 is provided with holes 22 for fastening members 21. The cover 19 is 
fastened to the frame 18 by means of die fastening members 21. 

5 

When compressed gas is applied to the solenoid valve 15, the diaphragm 20 of the 
valve opens and the gas can enter the sonic hom 17. A subsequent decrease in 
pressure causes the diaphragm 20 to close and the sound wave to be interrupted. A 
rise in pressure after that opens the diaphragm 20 again after a few milliseconds, and 
10 the thus produced vibration generates a sound wave burst needed in cleaning. 

Fig. 4 shows a measuring curve of the development of the sound pressure as a 
function of time during about 32 ms. In the situation of the figure, the device is 
switched on at the point of time 0 s and the sound pressure ciirve starts to grow at 
15 the point of time about 7 ms. In the embodiment in accordance with the invention, 
the sound pressure curve is interrupted, for example, after the duration of 15 ms. 

Fig. 5 A illustrates the present state of sonic cleaning technology. According to the 
present state of the art, the apparatus applies long sound wave bursts in order to 
20 achieve a cleaning result. In Fig. 5A, the operation time, i.e. the working time, of 
the apparatus is denoted with tj and the time between the cleaning pulses, i.e. the 
pause time, is denoted with t3. 

By means of the method in accordance with the invention, as shown in Fig. 5B, the 
25 duration of the sound wave burst, i.e. the working time tj, is shortened to a 
considerable extent. A number of these short pulses are applied at time intervals of 
t2. After applying a pulse sequence, there is a pause for the duration of the pause 
time t3. Repeating of a number of short cleaning pulses instead of one long pulse 
provides significantly better cleaning efficiency as compared with the present-day 
30 technique. 



wo 98/53926 



* 5> 

PCT/FI98/004213 



6 

Fig. 6 shows a disc 23 used for control of the sonic cleaning apparatus, said disc 
having holes 24, preferably round holes, situated in the periphery of the circle. By 
using discs 23 rotating in opposite directions, the solenoid valve 15 can be controlled 
much more quickly than by the present-day technique. 

5 

In the embodiments shown in Figs. 7A and 7A, the sound excitation is produced by 
means of explosion-like combustion. In the embodiment shown in Fig. 7A, die 
burning substance is an inflammable gas, which is passed from a feed line 28 so as 
to be mixed witfi the compressed air passed along a feed line 27. Ignition takes place 

10 in an ignition chamber 26 at a precisely predetermined instant, for example, by 
means of an electric spark. The sound excitation is produced in a vibration chamber 
25. In the case of Fig. 7B, the operating substance is an explosive, for example, 
gunpowder or another substance that behaves in a similar way, in which case 
ignition is carried out by means of a firing mechanism 29. In both embodiments, 

15 sound making and the pause times are determined precisely in advance. 

Only some advantageous embodiments of the invention have been described above, 
and it is obvious to a person skilled in the art that numerous modifications may be 
made to them within the inventive idea set forth in the accompanying claims. 



20 
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Claims 

1 . A method for cleaning objects to be cleaned by means of sound wave vibrations, 
characterized in that, in the method, 

5 

(a) a sound wave burst of a preselected frequency is produced, 

(b) a sound wave burst of preselected duration (tj) is directed to an object that is 
cleaned, in which connection, during said duration (tj), the sound wave burst has 

10 reached the maximum loudness of the sound wave burst and is reduced from said 
maximum loudness to a preselecfed lower loudness, and 

(c) said sound wave burst is repeated after a second predetermined time interval 
(t2)- 

15 

2. A method as claimed in claim 1, characterized in that as the duration (tj) of the 
sound wave burst is chosen 5— 15 ms. 

3. A method as claimed in claim 1 or 2, characterized in that said sound wave 
20 burst is repeated at intervals of 1—10 s, preferably at intervals of 1—2 s. 

4. A method as claimed in any one of claims 1 to 3, characterized in that, in the 
method, the use of the sound wave, burst is interrupted for a period of 
1—60 minutes. 

25 

5. A method as claimed in any one of claims 1 to 4, characterized in that, in the 
method, the frequency of the sound wave burst is chosen from the range of 80 Hz 
- 500 Hz. 

30 6. A method as claimed in any one of clauns 1 to 5, characterized in that the 
sound wave burst is produced by means of compressed gas. 
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7. A method as claimed in any one of claims 1 to 5, characterized in that the 
sound wave burst is produced by means of an inflammable gas mixture. 

8. A method as claimed m any one of claims 1 to 5, characterized in diat the 
5 sound wave burst is produced by means of an explosive, preferably gunpowder. 

9. An apparatus for cleaning objects to be cleaned by means of sound wave 
vibration, characterized in that the apparatus comprises means (11-16) for produc- 
ing a sound wave burst of a preselected frequency, and means (15, 23) for providing 

10 preselected duration for the sound wave burst and for repeating the sound wave burst 
after a preselected time interval. 

10. An apparatus as claimed in claim 9, characterized in that the apparatus 
comprises a chamber (26) and gas feed lines (27,28) for providing an inflammable 

15 gas mixture into the chamber (26). 

11. An apparatus as claimed in claim 9, characterized in that the apparatus 
comprises a chamber (26) and a firing mechanism (29) which is arranged to fire an 
explosive, preferably gunpowder, placed in the chamber (26). 

20 

12. An apparatus as claimed in any one of claims 9 to 11, characterized in that a 
valve (15) is controlled by means of discs (23) rotating in opposite directions, in the 
periphery of which discs fliere are holes (24), and the speed of rotation of which 
discs can be regulated. 

25 

13. An apparatus as claimed in claim 12, characterized in that the holes (24) are 
round. 
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